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ABSTRACT 


With the emergence of increasel numbers of communica- 
tions, command and control syste2as, and the expanding 
dependence on automated systems, there exists within the 
Marine Corps a requirement to define and control tactical 
systems software as a configuration management item. Th 
Marine Corps Tactical Systems Suppor* Activity (MCTSSA), 
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mated data processing hardware to achieve this future state. 
In addition, MCTSSA's mission requires software maintenance 
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I. COMMUNICATIONS, COMMAND A 

The purpose of this chapter is to describe the concept 
and characteristics of tactical systems in general terms. 
The first section will describe the characteristics cf the 
generic communication, command ard contrel system and also 
describe the considerations of the iesign of such systems. 
The emphasis will be placed on the fsatures which relate to 
the Marine Corps concept in the tactical systems arena. The 
next chapter will describ= the Marine Corps' approach to 
communication, command and control followed by the Marins 
Corps Tactical Systems Support Activity's functions and 
Ghacec*eristics. 


A. GENERAL CHARACTERISTICS 


The growing scope of large on-line communication systems 
has generated increasing burden on computer technologies. 
These systems are characterized by a) sensors, 
b)telecommunications, c)idiisplays, and d)computers. The 
primary task of these systems is to provide accurat? real- 
time information Status for problems confronting an 
Organizaiton. These systems will provide an organization 
t+h2 means for decision makina. The decision making may be 
automati or manual and may be conducted by top le 
Management or low down the chain of command. Por exam 
in airline seat teservations, decision making is don2 a 
matically, whereas in edicalis diaqnos:ics» it i 
Manually with the machine merely presenting i 


These systems consist of a complex set of oro 


4 Q 3 


devices which supply operational and administzrati 
ponemeors dec*sion making and aiso «the instxcwilents. for 


implementing these develonoments. 


a 





The main feature of these systems is that the whole 
PersOuserce iS conducted in a closed loop. Decisions are2 
made at upper levels and there exists constant feedback fron 
lower levels to indicate 2recution of these commands. The 
closed loop principle thus ensures a more efficient control 
of the organization's resources. Various terns have been 


used to describe these complex systems, but the broadest and 


most appropriate is communications, command and control 
(63) . SCoyon essence is the centralization and coordination 
of sets of various resources whic are physically remot? 


fron the central location and use all the ragquired techni- 
ques available. Several examples 39f C3 applications are: 
airline seat reservations, medical canters for automatic 
Meee eNewmecare, air traffic control, traffic configuration, 
remote bank accounting and transportation system planning. 

The main requirement in all these diverse applications 
is the requirement for central coordination of the resources 
that are located over a scattered gecgraphical area. Tt 
should be emphasized that the center of C3 systems is the 
Sian". Computers are used only 2S a tool in assisting 
people in the aquisition and appraisal of information. [Ref. 
1] Figure 1.1 is a schematic of a general C3 system configu- 
ration which includes a nunber of remote terminals that can 
communicate with a central computer. 


C3 systems may be comprised of various computers with 


varying responsibilities, all operating independently. Th2 
systems ar2 further comnplicats by the distance between 
terminals andthe central computers, different types cf 


terminals, large volume of information flow and diversi+yv of 
processes. C3 must be considered a collection of systems 
using different techniques and possibly different computers. 
Although each particular system may be reqarded as a systen 


Mist omowmmer' git, in Conjunction, che systems operatS as 3 


( 


e7agie unit. flo jea paetlonesconngoncsng the C3 sysgem + 
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the interface between the different techniques. There are 
feeteast Six functions which make up a coamunications 
command and control systen: 


~data collection systems 

-data execution systems 
-display systems 

-command supervisory systems 
-communication network systens 


-central processing systems 


The hierarchy of thes= functions and their interface is 
fiepee eaugin Figure 1.2 [t is diffisult to state +he domi- 
nating factor of the C3 system; each function has the same 
importance and failure of one will cause failure of the 
entire system. Yet from the designers point of view the 
communicaticn network is the most important and from the 
user point of view the essential feature of the system is 
the command supervisory post. Although each function nay be 
intended for a particular operation several systems nay 
share common equipment, such as th2 communication network, 
processing or display systems. 

The performance of a °3 system nay be divided into two 
types of operations: Management systems which requirs 
continuous human intervention, and control systems which 
provide decision information automatically with the supervi- 
sion £ humans only to override iecisions as necessary. 


teazge C3 systems Bay incorporate both types of sperations in 


the same configtura*ion. The whol= performance ofa C3 
system centers around the supervisory or command post. The 
command post performs tne following funcitons: evaluation 


fee neomec2 ole=10n, déeécisSloOn Making, issuing conmands and 


(D 


Paesuing *hs execution of the commands. The type informa- 


tion presented to the command post is: static data, dynamic 
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data, new operational data update in a real-time mode, 
follow-up data of the execution of the commands and plans of 
mae Ordaniza*ion. 

Since each C3 system is intended for a specific applica- 
tion it would be impossible tc list all the benefits of all 
such systems. The list below contaias the highlighted bene- 
fits of C3 systems: 


Beememalszing the organizations efforts <o control and 
monitor resources 


(¢ 
a i 
(D 


-~rslease of Qe os Selmocrs. Thon Tourine ‘tasks to 
evaluation, analysis and decision making 


-data collection from remote sources at high speeds 


ee 2 O8 of collected data from remot2 sources in 
real-time 


-remote access to files in real-tine 
-less reliance on human memory 


-display of on-line, real-time information for decision 


making 
-shortening the time _between lotation of problems at 
remo~e Stations to their presentation at a central loca- 


+ion 
-means for feedback control on execution of dacisions 
-efficient utilization of communication networks 
-~concise, accurate and timely display of alarm situations 
~immediate detection of iegradation of performance 
~automatic fault checkin 


The next section will describ2 some of the salient 


design considerations that charasterizs esTMun Gat2on, 


command and control systems. The orimary features will be 
defined in general terms and areas which relate to the 
Marine Corps! tactical systems applications will be cefined 


in detail. 


i> 
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Be DESIGH CONCEPTS 


The purpose of a command and control system is to 
provide improved control of the organization by enabling top 
level management to know what is occurring at the lower 
levels so they can make thair decisions in time to affect a 
process. The design purpose of the system must exploit all 
elements, at both upper and lower levels. The designer of 
the system normally reduces the dsasign problems to a sche- 
matic; defining the data flow of the system showing all 
paths and branches. The designer must identify the systen 
requirements and objectives and analyze what information “the 
system has to deliver. The previous section described the 
command, communication and control (C3) system as a closed 
loop. At the design stage this is described as a "black 
box". The output from the black box must determine the 
nature of the information, when it is needed, who needs it, 
where it is needed, in what form it is needed and the rela- 
eove pet ority treatment of the irnforna*+ion. 

The input details of the black box must consider what 
data is available, when it can be supplied, who supplies it, 
from where is it supplisd, in what form it is supplied and 
the relative priority of scanning the data. 

The next stage involved ensures that the data can b2 
collected within a given pariod of time. The data must bs 
adequate and it must be jieliverable at necessary speeds so 
that situations requiring decisions can be controlled. A 
flow chart of the information shouli be outlined, demons- 
trating all the steps required in tha svstem from the input 
terminals via ‘the command post, up ¢0 the 32x 
Seo. Ons. The following points should be kept in mind 


throughout the design of the systen: 


-What wers the operational oroblens that initiated he 
need for the new system? 


-Gould the new system solve ail cevealed problems? 


Ue 





“What are +he respective responsibilities of the people 
involved in the new system? 


-How does the human elenent fit into the svstem? 


In all C3 systems the idea that the computer is the main 
impiementing factor is an erroneous impression. Man-machine 
interaction is most important when computers are employed 
for problem solving and decision snaking. Analyzing «he 
problem is inherently a computer task, while problem formu- 
lation lies exclusively with the human. ei Svar a) ea 
the computer and human communicate with each other. has 
imperative +o summarize where and how the sophisticated 
machine can assist the human operator: 


-Release humans from routine tasks 
-Divert humans to decision making 
-Reduce the need for human memory 
-Reduce human manual operations 


-Increase the output by integrating simultaneous informa- 
tion 


-Transfer repetitive tasks to machines 


A good system design takes int account the complete 


system including all elemants involved. The human must be 
considered one of the elements in th2 systen. The systen 
Will not operate properly without the human. The computer 


diterally may ask the human to provide further information 
and withcuz this intervention the system ceases +o operate. 
Romane ea! asec. Sion «hn is what functions should be given 
+o the machine and what distinctiv2 part will the human 
play. Thus, a well-desianed system must consider ail 
aspects and considerations in a human-machine interaction. 
Table (I) lists several rcalevant points which apply «o man- 


Bechine interaction. 
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TABLE f 
DESIGN CONSIDERATIONS 


rune TL ON HUMANS MACHINES 

Analysis abilit Sophisticatei Superficial 
Means Of reception Random Sehusntial 
Speed of reaciton SO wae Fast 

Type of reaciton Sophisticated Programmed 
Problem attitude Suspicious Daisecit 
PeGmenesS £0 Grror eee Rete! Low 
Adaptation AEter trainiag Programmed 
Environmental affect Output reductior Immtne 


Two different design philosophies apply to C3 systems: 
1) an automatic system where all ths routine and repetitive 
decisions are carried out and performed by the machine and 
all doubtful and ambiguous information must b2 handled by 
humans, and 2) an autonatic systen where all routine and 
repetitive information is handled by the machine and rele- 
vant information is modified and presented to humans in 
Summarized form. The humans supervise the running of the 
system and can override or cancel the machines execution of 
commands. There is no C3 system which dees not contain 2 
number of routine and/or repetitive operations which cannot 
be performed by the machine. Nevertheless there is always 3 
need for some decision making based on ambiguities and 
unforeseer vroblems. Humans must verify these. 

A C3 system may comprise many subsystems. Each may have 
Je S own operation and be developed independently. 
Nevertheless, all the subsystems are part of the tlarase 


system supporting the same goal. 
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IT. MARINE CORPS COMMUNICATIONS, COMMAND AND CONTROL 


A. CONCEPTS 


1. Background 


Dieeng the mid-1960's, the Stanford Research 
iiacltucéwand Informatics, Inc., published the results of 
studies which encompassed the Marines Corps reguirements in 
tieeerea of command and control. The studies identified 
functional areas for which development was reconnended. The 
five original functional systems included tactical combat 
operations, tactical air operations, Marine integrated fire 
and support, Marine integrated personnel and logistics and 
communications. The study recommended the establishment of 
a test bed consisting of sff-the-shelf, commercially avai- 
lable computers, display devices, consoles, and 
communications equipment. The resulting concepts developed 
into the Marine Corps TPastical Command and Control System 
(TRACCS). In 1969 the Co@mander, Naval Electronic Systems 
Command was designated as the principal development activity 
BOE eA CCS . The Director, Development Center, Marine Corps 
Development and Education center, was assigned the task of 
providing the prototype definition and analysis of the cper- 
ational systems effectiveness. 

MTACCS is part of the Marine Corps’ Communications, 
Command and Control (C3) systems whith will supoort tactical 
operations in the post-1990 time frame. MenCONsiS<S OF 
seven tactical and training systems which utilize common 
equipment, operational procedures, iata bases and interop- 
erate through a common communications system. The seven 


MeaecSs Systems are: 


M4 


—aerone Phe-egrated Fire and Air Supper*t Systezn 
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-Tactical Combat Operations Systean 
=Mar2ne Air=Ground Intelligence Syston 
-Position Location Reporting Systen 
~Marine Integrated Personnel Systen 


mteaceicel Warfare Simulation, Evaluation, and Analysis 
System 


-Tactical Air Operations Central - 1985 


Development and fielding of the above systems corst- 
itute the major thrust in defining the C3 requirements of 
Martane Corps tactical forces. Appendix A describes some 
considerations for Marin2 Corps tactical data svstems' 
communications. 


2. Objectives 


The objective of C3 within the Marine Corps is to 
provide Fleet Marine Forces (FMP) comnanders with command and 
con*rol (C2) means to operate on the pos*+-1980 battlefield. 
This encompasses the automatic, processing, display and 
Gistribution of information. [Tha unique Marine Corps 
requirements stem from the diverse elements needed to accon- 
plish the amphibious assault mission. 

In 1961 the support for equipment developed under 
the Marine Tactical Data Systems Program was provided by 
Maeiae Aart Control Squadron-3 (MACS-3), 3rd Marine Aizcraft 
=n » Santa Ana, Cait f OF Bia. The completed studies 
described above determined that MATS-3 could not support the 
anticipated accelerated growth of Marine Corps tactical 
systems. In 1968 it was recommend2i that the Marine Corps 
ieee" GateCOMDUTECL Programming Support Acitivity be estab- 
lished tc support tactical data systems computer pr 
for presently fielded and future systems. In May 19 
basic concept of the implementation olan was app 
changing the name *to the Marine corps Tactical Systems 
mimo eemnecctvicy located 22 Camp Pendleton, Californ: 


wv 


@ 
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Dy¥erigquaqiys i970, the Marine Corps Sactical Systems 
Support Activity (MCTSSA) was formed to meet the increasing 
demands of the Marine Corps for supporting and developing 
automated tactical systems. It was determined that suppert- 
ability and standardization of both hardware and software 
could be attained through the centralization of related 
PEO Jects. 


Be MARINE CORPS TACTICAL SYSTEMS SUPPORT ACTIVITY 


Vit Mission 


The mission of the Marine Corps Tactical Systems 
Support Activity (MCTSSA) is to define concepts and require- 
ments for designated conceptual conmand and control systems; 
to perform Developmental Test and Evaluation (DT&E) BOE 
designated tactical data systems and telecommunications and 
electronics equipment; to provid? hardware and software 
Maintenance support of systems and @cuipmernts assigned for 
Die e: +o asSist Fleet Marine Porte units in conducting 
Operational Test and Evaluation (OTE&E) Ometacticam. data 
systems and telecommunications equipments as feasible and 
when directed; to proviie software management control and 
Support of fielded tactical data systems; and to monitor *he 


software design phase of project development. 


a8 ==uc cure 


MieesSA is comprised of a Headquarters, Tac==cs\ 
Systems Support Branch, Tactical Systems Development Branch, 
Tactical Systems Test Branch and Amphibian Vehicle Test 
Branch. The Headquarters and Amphibian Vehicl2 Test Branch 
will not be referred to again in this document. Thowecne= 
three branches will be referenced with respect +o +heir 
functional position in “the Automated Data Processindq and 


Simulation structure discussed herein. 
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Se unc t 10n 


The following tasks are acsomplished by MCTSSA in 


the area of concept and requirement formulation: 


-Develo operational concepts and define requirements for 
those tactical command and control systemS assigned +o 
MCTSSA for the conceptual phase of development 

-Determine and validate accurate So hel eet ole realistic 
user requirements to avoid costly modifications to hard- 
ware or software during deveslopmen* and/or procurement 

-Produce the Reguired Operational capability Document, thea 
Systen Des CL aspe On Document and the Detailed 
Requirements Document 

-Test, evaluate, analyz? and. refines operational ee ee 
of the Marine Eorps actical Control Systems (MTACCS) 

-Develop or ,enploy eéxisting scenarios asa basis for 


MTACCS testing 


mEepere rocedures, exercises, test plans and an analysis 
of the above +o support branch Operations 


-Monitor technological hardware and software development 


-~Maintain configuration management for in-house developed 
software. 


MCTSSA 1S responsible for the compatibility and 
interoperability testing of all Marine Corps command and 
control systems designated to participate in the Joint 
Interoperability of Tactical Command and Control Systen 
programs. MCTSSA monitors the progress of all operational 
and developmental projects from the nanufacturing of prepro- 
duction models through the stages of acceptanc2 testing and 
Gaping delivery of production systems to the Marine Corps. 
MGTSSA orovides softwar? management control and program 
support for fielded tactical data systems and those tactical 
data systems assigned to it fer developmental test and eval- 
ae 2 ON. Operational impact studies, trade-off analysis and 
seasibilit studies related to tactical computer program 
design and proposed enhanc2ment ar2 accomplishad at MCTSSA. 


Also, MCTSSA provides personnel and maintenance support fer 
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tactical data systems and communication-electronic equip- 
ments assigned to it for DT&SE, and oneraticnal and mainte- 
nance support Of +h fac ered | data systems and 
conmunication-electronic equipments Sedanicr <0 2tselt. 
MCTSSA evaluates engineering chang? proposals, unsatisfac- 
tory equipment reports and proposed changes to fielded 
equipment. 

Finally, MCTSSA provides th2= computing facilities to 
support its mission. The computer facility is complex 
Gombination of both tastical and commerical computing 
resources to provide highly flexible systen networks for 
development, programming, simulation and testing in support 
of Marine Corps Tactical Systems. The capabilities and 
functions of the computing facility will be discussed in 
detail relative to its integral role in the hardware, soft- 
ware and data link simulation requirements. Appendix 8 
defines the Test and Evaluation elements and the policies 
that guide +he accomplishment of Test and Evaluation within 


the Department of the Navy. 








III. TACTICAL COMMUNICATIONS 


The purpose of this chapter is tos describe the tactical 
communications required +o support and enhance the Marina 
Corps’ tactical data systems and operational capabilities in 


a Marine Air Ground Task Force environment. 


A. LANDING FORCE INTEGRATED COMMUNICATION SYSTEM 
1. Description 


The Landing Force Integrated Communication Systen 
(LFICS) is the Marine Corps tactical communication network, 
consisting of all cf *h2 personnel, equipment and dat2 
reguired for communication within the Fleet Marine Force. 
LFICS is not a single systen, but encompasses all communica- 
tion assets which allow commanders ‘9 exercise command and 
control of assigned tactical forces. This includes single- 
Gheanhel point~to-point and net radio communication, tactical 
digital information links (TADIL's) and multi-channel conmmu- 
Nagas 107. The LFICS provides all internal and external 
communication required *o enable commanders to perform *heir 
assigned missions. The baesuerconmeepe 2S to configure LFIcs 
as a common user system to facilitate? communication asset 
Wes zeacmom at all echelons o£ conmand. Historically 3 
Single-channel radio provided internal ‘*actical communica- 
tion requirements. Wieh the emergence of tactical data 
systems, digital communication egyuipment and automatic 
switch communication syst2ms have been elevated +o a2 vDrimary 


role. 





Pe Daca Leenks 


PeuesenardWare Configurations Will be tailored to 
meet the specific needs of the size force utilizing it. 
Whenever practical, LFICS will be configured as a common 
user systen. The multi-channel/s/UJnit Level Message Switch 
(discussed in the next section) will be the primary means of 
digital connection. iia wsasie somective of LFICS is to 
achieve a fully digital communication environment. Teles 
must accomodate the command and control needs of the 
commander by providing voice and data communication, provide 
interoperability with extarnal systems, provide security for 
ae trattic, allow for minimum disruption due to loss of 
Switches and provide an orderly transition from an analog to 
digital environment. The tactical jiata links (TADIL's) ani 
their uses are listed in Table (II). 


TABLE FT 
LFICS Tactical Data Links 


NAME FONGE TOW 
NADGE Link-1 External Air Defense 
BAD i= A Seba Jisorme ti on 
TADIL-B Air Defens2 
AD LE C RaSCEr ait 
ATDL-1 AAWK 
MDT Multi-purpose 
TAG Laer & JAWK 
Within LFICS all communication equipments have been 
Gieed@peezed -=nto stthecriber facilities, aaeeeonhang faci li- 
paces, mace cal communication sontrol Tacis = 2 = On 
transmission systems. Subscriber facilities provida the 


3 
users! interface with LFITS. This is accomplished via tele- 
9 
e 


phone, data terminal orf tactical data system computer 
int er face. Sveeenangercacilaries orovyide the ability to 
Piao nGoniwecs  SWitch2nqg factilities Qt. GGeieSs ont nodes. 
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Manual or automatic interconnection Of youce “or data 
subscriber circuits is provided. Tactical communication 
Comtroleraci i ities provide control, monitoring and testing 
capability for any circuits which access switching centers. 
Transmission systems perform the communication functions of 
modulation/demodulation, transmission, réception, timing, 
bit conditioning and transmission security. 

LFICS will previd= commanication for the transfer of 
voice and data for inter and intra-tactical data system 
exchange. Rapid, reliable and secur? transfer of voice and 
data information between system noies is required. The 
communication center is a centralized agency where communi- 
cation facilities are located and managed. The 
communication center normally manages the transfer of infor- 
mation not accomplished by an external agency, artace=cal 
data system or an individual subscriber. LFICS vrovides +he 
communication links for th2 communication center. Finally, 
LFICS provides service ts the common users including auto- 


mated information systems and radio battalions. 


3. Computer Hardwar 


{\bD 


Table (IIT) Eistsetne Major computer equipment 


Medio zea tO SUDpOort LFICS. 


Be UNIT LEVEL MESSAGE SWITCH 


The Unit Level Message Switch (ULMS) will be fieldad 


during 1984. The nomenclature is the AN/GYC-7. 


1. Description 


The ULMS AN/GYC-7 is a transportable 12-line nessag= 
Switch capable of "storae-and-forward" service for real-time 
Comaganma ana control data traffic. The AN/GYC-7 is config- 


ur2d into two-man portable modules. T* will be capable of 


7) 








TABLE IIil 


Leics Computers 


NAME DESCRIPTION 


AN/AYK-~-14 General purpose 16-bit word digital 
SO designated as the Navy Stan- 
dard Airborne Computer. Modular in 
and. can b2 configured for variable 
applications. Consists of a central 
paoecss with 128K externally expand- 

Oo 512K and_5 input/output channels. 
Operator and maintenance equipment are 
separate from main nodule. 


AN/UYK-7 Ruggediz2i 32-bit word general purpose 
computer which can be configured as a 
Single processor or multi-pfocessor sys- 
tem. BaSlc system consists of a single 
rocessor, 48K of memory and 16 full 
uplex aN yeaa aah channels. Thirteen 
additional 16K word memory moduies 
can be added externally. Operator and 
maintenance equipment are separate fron 
main module. 


AN/UYK-20 Militariz2d 16-bit word general purpose 
computer. Includes a central processor, 
main memory expandable from 8K to 65K words 
and. lomrulLJ-~aquplex nput/oueput channels. 
Operator and maintenance panel are part of 
the main module. 


serving dedicated real-tin2 subscribars and will accomodat2 
@ tactical message format. The ULMS accepts and sends 
tactical messages. The module consists of seven micropro- 
cessors which interfac2 with telephone systems as well as 
radio channels. The syst2m integrates communication hard- 
ware and software and manages the communication network. I+ 


has alternate routing capability and its primary subscribers 


are the tactical data systems. It will accept messages for 
Gon comes aecutang indicators. Jsers are permitted to comnu- 
nicate over dedicated trunks. The ULMS provides 


meansperarcy f£re@m one tactical data system ‘to another. 
Highspeed communication t@rminals orovide a sophisticated 
tactical data base management scheme. Currently there 


exis<=s no simulation testing for the AN/GYC-7. 





2e Hardware and Softwa 


{o 


Table (IV) lists the major hardware and software 


components that comprise the systen. 


TABLE IV 
ULMNS Hardware and Softwar2 Components 


COMPONENT QUAN TITY CPU 
Power Module 1 
COMSEC Module 1 
Iperation Progran TBD 2-789 


Table (V¥) lists the test support, software genera- 


tion and software packages required *o support the systen. 


TABLE V 
ULMS Hardware/Softwar2 Support 


SYSTEM/EQUIPMENT DESCRIPTION CORE CPU 
eee . Mi, ee. 
MTACC System Subscribers . 
Tesdata MS-~-880 Hardware Monitor 
Ma CrOprocessor System Development 
Deveiopment System 
Utility Loader TBD TBD 
Test Generation TBD ew 
Operational Program 256K Z-89 
Resident Programs ; ew $85 }30 
UNIX Operate rg SYS en PDP 
Programmer Program Development 
Workbench 
C—€ompi 1 er Se es 
BQ aeor Cee ty 
Assembler Or Tiac y 
Link/Loader Gt aise y, 
C. POSITION LOCATION REPORTING SYSTEM 
The Position Location Reporting System (PLRS) is being 
deyvsloped jointly with the U.S. Army. Initial PLRS delivery 
Wili be during 1984. The PLRS nomenclature s the 


Rely 5 O= 129 « 
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Ve SUsisessption 


PERS Will “provide highiay accurate, real-tine, 
three-dimensional position locations and identification 
information fer selected air and ground elements and vehi- 
cles who are PLRS-equippecd. This information will be 
available to appropriate commanders within the Marine Air 
Ground Task Force in order +o assist in maneuver control, 

ire support planning and coordination, conflict avoidance 
and other command and control functions. The PLRS infornme- 
tion will be available to using units (System users) and the 
Master Unit (AN/TSQ-129). PLRS* primary function is to main- 
tain precise location and identification Of were Lendly 
elements. The PLRS usefulness will be enhanced with its 
integration with other Marine Tactical Command and Control 
Systems. PLRS will provide users capability to identify 
their location and obtain locations of other PLRS users, 
provide identification of friendly and foe functions, define 
restricted areas for troops and identify navigational lanes 
mom Airetart. The principle of PLRS is a three-dimensional 
unit location based on tne ranges between that unit and 
three other previously located known units. The range 
between two PLRS units is measured by the known time of 
transmission of a Signal by the unit to be located to the 
recorded transmission arrival time at a receiving unit with 
aoknowr location. Dhiwvseo schenecaloulbatsonvof the unit loca- 
=i9n is geometric. Plas =S SOeacctra:> that if can be used 


Geeenes pasts f£0r delivery cf close air support, artiilery 


(D 
pa 


tere Or Naval gunfire. The output from PLRS can be utiliz 


aewcom@eard and control center for decision making, sent % 


O 


Pres user wnits or displayed ts the naster unit. 
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2. Hardware 


PLRS is housed in an air-transportable S-280 mili- 
tary shelter, It can be jeployed by helicopter or vehicle. 
The Master Unit contains the network communication facili- 
ties, computers, data displays and related equipment to 
support an independent PLRS network. The Master Unit 
provides central management for th2 user units, provides 
two-way exchange of secure digital data between itself and a 
us@r unit and provides PLRS received data +o command and 
control systems. The PLRS user UHitmeconsses Of 4 
transmitter-receiver and processor, packaged in a 20-pound 
Manpack. The hand-held module and the control display panel 
comprise the input/output devices. Table (VI) teste een 
system hardware componen‘s. 


TABLE VI 
PLRS Hardware Components 


COMPONENT QUANTITY JE) 
Computer 2 AN/UY K-20 
Computer 1 ANU Ka 7 
Master Station 1 
Equipment 
Manpack Units 7 
Service Vehicle Z 1802 
Units 
Auxiliary Ground 1 1802 
rene 
PLRS consists of 2 master unit, alternate master 


= 
DMesereemsee nt tS, Sireace yehicia units and airborne unit 
configurations. Theos aeons lOca-100 vost. processor, 4&3 
Beradweresand scoftwateliconbination located ata Direct Ait 
SUPpOrmmeencer Of a Fire and Air Support Center will furnisn 
beset gomelocation anformation. The operational and simu- 


Mae ca tdata links are unknown. 
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Table (VIT) lists the SOeceware Programs that 


comprise the system. 


TABLE VII 
PLRS Software 


NAME DESZTRIPTION CORE CPU 
DOP Procran 16 Operation Programs 704K ee 
OYK-20 Kernel SK UYK-20 
Ue K=-7 Kernel 5K UYR=7 
User Control User Onit Control TBD 1802 
URD Message TBD ew: 2 


The SIMPLRS program will provide simulated user 
units responses to master unit generated messages. SIMPLRS 
is a module of the DCP program. I+ is designed to generat> 
messages at a master unit or a command and control center. 
Table (VIII) lists the test support, software generation and 


software packages required to support the systen. 


TABLE VIII 
PLRS Support 


S(otee7eOULPMENT Dison ee 1 hON CORE CEU 

Perkin-Elmer 7/32 Minicomputer 

AN/UYR-2 0 Minicomputer 

AN/SUYK-7 Minicomputer 

MNZUSH=26- | Tap2 loader 

Data Reauct ion o 

mo 880 Hardware monito¢r 

TBD Printer 

TBD Card Reader 

TBD Dese (Ss -Oeage TO4K 

1802 Emulation syst2m 

Pin Cie us SOT ; 

@MS=21725 Compilers AN/UYK-20/ 
AN/UYK-7 
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IV. TACTICAL AVIATION-RELATED DATA SYSTEMS 

The purpose of this chapter is to describe several major 
aviation-related Marine Corps tactical data systems and 
their required components. 


A. TACTICAL AIR OPERATIONS CENTRAL-1985 


The Tactical Air Oparations Central-1985 (TAOC-85) will 


be fielded during 1985. The nomenclature for the TAOC-85 
Operations Module (OM) is the AN/TYQ-23. 


1. Description 


tae TAOE—35 will provide responsive real-time 
control of the Marine Air Sround Task Force air defense and 
all assets used against airc threats to it. Tt is a command 
and centrol system that will have anti-air warfare capa- 
beet sett teatfic control capability, early warning and 
long range tactical capabilities. PAOC-85 will be utilized 
Seecuemetactical ®ir Operations Center (TAOC). The TAOC 
radar and identification friend or foe data is used to 
@eeecceend identify intrusions int the Marin2= Air Ground 
Task Force airspace. Thus, the TASC manages and controls 
airspace in its assigned area. Also it performs air traffic 
Soe nOmmmatinet 1 Ons beyond the adr traffic control detach- 
ments’ range. The TAOC serves as the hub for air control 
data for the Marine Aviation Command and Control Systems. 
feweectesewiey <cal-tiims air control operations. 

The basic TAOC-85 system element is the Operations 
Module (OM). ie SS housed in a 2O-£50t shelter. The OM 
peeved=sucaDaDi lity fOr accepting targe= reports, automatic 


Brock Correlation, identification, classification and weapon 
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selection and assignment; receiving and processing track 


information, orders, commands and status data from other 
commands control systens; processing input from console 
operators for entry, G@eLetron Ob MOdLEZe¢ation of stored 


information; and displaying on operator consoles real-time 
tactical air situation based on 211 system inputs, both 


manual and autcmatic. 


2. Hardware 


The OM is the building block for the TAOC-85. io ak 
system funcitonal capability is provided by a single 
shelter. The following units are installed with each OM: 
radar interface units, computer units, mass memcecry units, 
mass memory loaders, operator consol? units, voice communi- 
cation access units, communication interface units, internal 
radio units, a2g2ta! communication units, PELNECE “Units, 
recerder/reproducer units, power distribution units, and 
environmental control units. Table (IX) lists the hardware 
components that comprise this systen. 

The TAOC will provide responsive, real-time commands 
and control to all Marine Air Grouni Task Force air assets. 
The TAOC-85 consists of sperations nodules configured with 
radars, communication 2quipment, support eguipnent and 


personnel. 


3. Software 


Bp Ee ETE = SSP = 


Table (X) lists the softwars programs that comprise 
the system. 
maple (ki) Lasts the tast support, softwares genera- 


tion and software packages required to support TAOC-85. 
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TABLE IX 
TAOC-85 Hardware 


COMPONENT QUANTITY CPU 
Computer 2 AN/AY K-14 
Mass Memory Unit 1 
Mass Memory Loader 1 
Operator Cencrol > 
3 
Power Distribution 1 
Control gnit 
COmm=UniCcation | 1 
imecatace Unit . 
hoods neerface Unit 1 
Memcemaccess Unit - 
Radios 9 
Gayec oOo. Units 2, 
Wire Line Adapter 12 
Recorder/. 1 
Reproduction BD a\n, Se 
Pron -er 1 
Environmental Control 2 
Data Terminal 1 
Microprocessor 17 hao 20 
Shelter 1 
TABLE X 
TAOC-85 Software 
NAME DESER eet LON CORE CPU 
Operaticn Programs 13 Programs 564K AN/AYK-14 
Interfece/console/ 9 Prodrams 2K Peoucu7cou/ 
Comm Unit Programs 874 8/Z8002 


$4. Data Links 


Interfaces, data links and +es* requirements are 
fesced an fabio (XII). 
Be. TACTICAL ATR COMMAND CENTRAL 


Themmactical iz Command Central (TACC) 1S an opera- 
tional automated air command system. The nomenclature for 
me TREC 1s the AN/TYQ-1. 
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TABLE XI 
TAOC-85 Support 


Sola EOULPUENT DE Se hase wl ON CORE CPU 

Radar 

AcC 

TAOC 

~OCe S-mueha © OFZ MoOnL cor 

Tesdata MS-880 Data Reduction 

Computer DEC 2060 

Disk Drives 

Printer 

Tape Unit 

Terminals 

PROn Purner 

MTASS System Support 

FORTRAN Compiler 

MACRO 14/20 Compiler 

E@rS—20 OS 

TABLE XII 
TAOC-85 Data Links 
CNW ACING SYSTEM OPERATIONAL LINK SIMLULATED LINK 

TACC TADIL-A/B8 TADIL=A/8 
DASC jhe CDE) Fes) TAD EL==2 
IHAWK ATDL-1 ATDL- 
TAOC~85 IT ADIL-B = 
MATCALS PADIL=-8 EAD eeG = 5 
Aaecraft ITADIL-C TAD L=c 
Peecer la EADIL=-A/B DADYL=A7B 
NAT NADGE Link-1 NADGE Link-1 
Tae c iy AUD DA ays! A Dee — 2 
TACC ULMS ULMS 
Faw C PLAVrL—s8 ULMS 
FAAD = JING aU aA URE). 


1. Description 


-_- ee eee 


The TACC provides a means +o coordinate all aspects of air 
command, control and defense. It interfaces with external 
air control agencies and provides a means to effect real- 
time input in air defense. The TASC is the principal air 
SPeGaemetiomiistallats on Erom which aircraft and air warnina 
Beiecntlemeot tectical air Jperations are directed. It is «he 


senior Marine air command and control system agency from 





Moen the Marine Corps tactical aiz commander can direct and 
control air operations. the Sraectical Data communication 
Central is employed at the TACC and will be described in the 
next section. 


2. Hardware 


Table (XIITI) lists the major hardwar2= components 


that comprise this systen. 


TABLE XIII 
TACC Hardware 


COMPONENT QUAN TITY CPU 
see ei Group 1 
Equipment 


Universal Console 5 
Command Console 1 

WASD 2 

Operations Central 1 

Planning soon 1 
Power Sup ae 1 

Large Screen isplay 1 

See cgee «oo Conn 1 

st 

“ut headed Data 1 
Terminal 

Visual Display Z 
Terminal 

PEincer Z 

Computer 1 

UHF Radic 5 


AN, UY K=20 


Seo pport 


Table (XIV) lists the test system/fequipemt, software 
packages and software g2neration required *o0 support the 


nAecCl Syfeen. 


Table (XV) lists the data Link requirenents for the 


oo 











TABLE XLV 
TACC Support 


NAME DESCRIPTION CORE CPU 
TSP Test Bed Simulator 
Computer ANT UK = 7 
Computer AN/UYK-20 
S2rial Moden 
aS C Entry Terminal 
SIMTRACC Data Link Simulator 
TAOC 
EDEC 
DASC 
Computer PDP-11/40 
Computer ; CP=-808 
TSP Simulation AN/UYK-~-7 
Sanur 10K CP-808 
Sau P AN/UYK~7 
Pas LOR : C?-808 
Test Scenario 10K AN/UYK-7 
Generation 
ST MUTRACC Simulation NOVA IT 
Program Development 10 Test Programs 290K AN/UYK~-29 
Data Reduction Test Program 28K GP-s0G 
Data Reduction Test Progran 50K PDP-11/70 
TACC Symbols Test Progran 4K Grzous 
Pr ogee Development Compiler PDP-11/70 
sten 
Melee -Ussr Compiler Compiler PDP-11/70 
Race Lit y 
TABLE XV 
TACC Data Links 
eT eReeaciNG SYSTEM OPERATIONAL LINK SENULATION Lan kK 
TAOC-85 TADIL-A/B TADIL<-B 
SC PADiL= AUB Ire 
DASC FADIL=“B uDr VAL G=B MDs 
NATO NieeGe Lenk | NOG EeLaa<— | 
External YT ADIL~A/B, NADGE = 
MATCALS TADIL<-B TApitL— 3 
Co thet rtcal DATA COMSUNICATION CENTRAL 
Vee Besc=apeion 
mmemract: cal Data CeEmmunicaetion Central (TDCC) is a 


five-shelter tactical configuration which provides a means 


Dem Ccomatir cate On Various “*actical information links in 
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support of Marine Air Command and Control Systems" opera- 
Gtons . The system provides the capabiltiy to conduct high 
frequency voice and data operations. This system accomo- 
dates the operational software for the TACC and «he TAOC. 
The nomenclature for the [DCC is the AN/STYQ-3. 


2. Hardware 


= 


Table (XVI) lists the major hardware components that 


comprise this systen. 


TABLE XVI 
TDCC Hardware 


COMPONENT QUANTITY CPU 
Computer ; 2 AN/UYK-20 
Data Entry Terminal 1 

Printer. 

Das Unit 


Kenk Borfer ; 
Magnetic Tape Unit 
Data Bus Controller 
Cry peo _ Device 
Communications Group 
Serial Modems 
Serial Crypto Device 
Data Terminal Group 
Data Terminal 

Comm Central 

Radio Set 


aad ood 
QA) eed eed wh COD ed ed ed ced od = od 


TAble (XVIT) lists the software programs that 
he TDCC systen. 


Tabla (XVIII) lists the test system/equipmert, soft- 


tion and software packages required to suppor 
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TABLE XVII 
ToCcC Software 


NAME DESGCRSETION CORE CPU 
Operation Progra 10 Programs 290K AN/UYK-20 
TACC Symbol Library WK CP-1018 


TABLE XVIII 
TDCC Support 


SYSTEM/VEGUIPMENT DESCRIPTION GORE CPU 
TSP Test Bed Simulation AN/UYK-7 
AN/UYK-26 
TACC 
TAOC 
SIMTRACC Data Link Simulation 
MATADOR IV Data Reduction CP-808 
Tesdata MS-8980 Performance Monaitor 
CMS-2Y Cogpi ler Compiler AN/UYK-7 
AN/UYK-26, 
PDP-11/70 
Tactical Data 28K CP-808 
Re duct ion 
Tactical Data 50K PDP-11/770 
Reduction 
Test Su pont 76K AN/OUYK-7 
TSP SET 10K CP-808 
Test Scenario 10K AN/UYK-7 
Generation 
TSP 76K AN/UYK-7 
SIMTRACC NOVA II 
FE ognen Development Conpiler DDP-11770 
stem 
eee -user Compiler PDP-11/70 
Pacr1iity 


Seeeebaca: Links 


Table (XIX) lists the data link requirements of «he 
TDCC system. 
D. DIRECT AIR SUPPORT CENTER 


Thewcnichal system delivery for thé Direct Ain Support 
Center (DASC) is during 1992. The nomenclature for +h DASC 
is the AN/SUYQ-GA. 
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TABLE XIX 
TDCC Data Links 


INTERFACING SYSTEMS OPERATIONAL LINKS SIMULATION LINKS 
TAOC TADIL-A/B TADIL-A/3 
TACC TADIL-A/B TADIL-A/B 
IHAWK ATDL-1,NADGE Link-1 ATDL-1 — 
NATO NADGE fink-1 NADGE Link-1 
External TADIL-A TADIL-A/B 
MuesctTrartt - TADIL-C 


The DASC is the principal air control agency respon- 
Sible for the conduct of direct air support operations. ite 
functions in a decentralized moie of operation but is 
directly supervised by the Tactical Air Control Center 
(TACC)/Tactical Air Operations Center (TAOC). The DASC is a 
command and control agency and is located with the highest 
Pire Support Coordination Center echelon. The AN/UYQ-4A is 
Operational in either an airborne or mobile environment. 
Th2 ranges and speeds of aircraft employed require thax 
their centrol be directed from a high command level. The 
DASC is one of «he primary control agencies of the Marine 
Air Command and Control System. The TAOQC and the DASC 
interface indirectly by neans of relay through th i eden 
maemo nse pettorms the following tactical functions: coordi- 
Nation Of close air support, coordination of assault suppor+ 
missions, SOortatnat2:on Of air racornaissance missions, 
disseminaticn of friendly and eneny aircraft information 
ieeeememmeontrol Of alreczatt returning from direct air 
Support missions. 

The DASC is comprised of three functional areas: 
communications, data processing and display. Riese -fuac— 
tiors provide for voice ani data link communication, iisplay 
of the tactical area of resvonsibility (TAOR), display of 


Pemeoceogeer-endiy azreraft tracks and related information, 
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Computation and display of aircraft vector information for 
havigational purposes and automatic receipt and computation 


for display of target data. 
2. Hardware 


The DASC operational unit consists of three shel- 
TeES. One shelter houses th2 computer, prance, 


GOkmUnication panel, communication control unit and ‘the 


encryption units. The other two shelters each house five 
Situation disvlay consoles, communication control units, 
digital communication units, communication panel, power 


distribution panel and the display console keyboards. Table 
(XX) lists the major hardware components that comprise the 


system. 


TABLE XX 
DASC Hardware 


COMPONENT QUANTITY CPG 


Operations/Data 4 

Processing/ 

Comm Shelters 
Integrated Comm Sy 
Despiay CORtrol Un 
Siveitaeon Display 

Console 
CPU 
Maqnecic Tape JUnit 
Reo r LB Sufter 
TADIL-B Meden 
Comm Processor 
Speech Security Jnit 
Remote Power Converter 


stom 
3 


ah 


axel) 


NO 
—aAN4EDNINIDAINI WU 


Table (XXTI) lists the programs that comprise +h: 


Ssysten. 
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TABLE XXI 
DASC Software 


NAME DESCRIPTION CORE Cru 

TBD Program Trainer . 128K AN /UYK-7 

TBD Preprocessor Trainer 96K AN/UYK-7 

TBD Interactive Processor 116K AN /UYK-7 
Table (XXITI) lists the test support system/ 


equipment, software gensration and software packages that 


Support the DASC system. 


TABLE XXII 
DASC Support 


SYSTEM/EQUIPMENT DESCRIPTION CORE Ceo 

Ac C Tactical Air Command Central 

TAOC Maer cal Arr Opera=1 ons 

EDEC haces cal yData cOmm C2ntral 

DCT _. Digital Conam Terminal 

GAS-2Y eee AN/UYK-7 

BCY Sea fu lator 

RavDiL—Be SJadh ator 

TSP Simulation 76K AN /UYK-7 

SETUP 10K CP-808 

Say AN /UYK-7 

BRESTORE CP-808 

mes (Scene r io 10K AN OK? 
Generation 

Seen ACC See lat2on NOVA II 

10 Test Programs 20K AN/UY K-20 

Dec de seduction T2sce Program 28K GPec0 

Data Reduction Test Progran SOK PDP-11 

TACC Symbols Test Progran 4 K CPeoUc 


4. Data Links 


DASC operators are trained on “he operational equip- 
ment via atraining program. Simulated testing provides 
Gamabtiety t0 interact with the air support radar teams 
(ASRT), TAOC/TACC and the digital sommunication terainals. 
Other DASC requirements include data extraction, reduction 
and analysis which currently are not antomacted. Table 
(ett i) lists the data links requizteld for this systen. 
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EAB ine, bk Aodeok 
DASC Data Links 


INTERFACING SYSTEM OPERATIONAL LINK SLUG AL EON Dank 
TACC TaD LLB MDT 
ASRT MDT 
maOc=-85 TADIL<-B TADIL-B 
DCT MDT = 


Ee MARINE AIR TRAFFIC CONTROL AND LANDING SYSTEM 


The Marine Air Traffic Control and Landing Systen 
(MATCALS) will be fielded during 1983. The system nonencla- 


ture is currentiy unassigned. 


1. Description 


MATCALS is a deployable air-transportable, modulacr 
systen. It provides upgraded capability to the Marine Air 
Command and Control System for handling high-density air 
traffic at expeditionary bases. MATCALS is organized into 
three sysbsystems: air traffic control, all-weather landing 
system and control and conmunication subsystem (CSCS). The 
Gres eGensiscs of two 8X8X20 shelters. [ReaeLe” Clattic 
control and the all-weather landing systems may be deployed 
separately. MATCALS provides all aspects of surveillance, 
Piet erecal On, c<lacing, 2i=zcraft yvectoring and track hand- 
over. Within 60 nautical miles of the airfield the system 
provides for up to 4O aircraft tracks. The 15419 is fully 
Meecoasized “end used ¢59 train air traffic controllers, 


weapons controllers, scanner classifiers, flight supervi- 


SCrs, communications specialists and = lignin: Con rou 
personnel in tactical environments. It prepares sc¢narios 
SContarmeng Simulation flights of 22 3eCTates LeQuired <9 
Support close-air-support, ir defense, air-to-air inter- 


Gepets,)) grotind to air »sgissile conzral and ground-air-soround 


Geese rk conttol. Commun. cations nets include simulated 
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UHF/VHF and normal land-line communication links. The 
trainer realistically simulates the TAOC, missile batteries, 


ground-air-ground data links and multi-site communication. 
2. Hardware/Sottware 


The AN/UYK-20 computer and peripheral equipment is 
utilized in the shelter. All software is written in CMS-2 
and an interactive scenario generation capability exists. 
The operational training sevice requires the compuer, 
floppy disc unit, data link modems and a video display unit. 
The trainer consists of a simlulation cabinet which gener- 
ates Simulated radar Signals for ths «raining problem under 
Eno comerol of the computsr progran. Tre 15h1o =ncludes ae 
readiness program, scenario generation program and the main 
trainer program. Table (XXIV) lists the MATCALS hardware. 


TABLE XXIV 
MATCALS Hardware 


COMPONENT QUANTITY 
Precision Approach Radar 1 
Air Surveillance Radar 1 
SoG S . 2 shelters 
Multi-Mode Display 20 
3. Data Links 


Heaptcem (Xk) eal sotcut ne seMATOALS data lank 


requirements. 
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Tin Or eh Y 
MATCALS Data Links 


INTERFACING SYSTEM OPERATIONAL LINK 
NEE TADIL-B 
morcratt TADIL-C 
TAOC-85 IT ADIL-B 
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¥V. TACTICAL GROUND-SUPPORT DATA SYSTEMS 
The purpose of this chapter is to describe the major 
ground related tactical data systems utilized in the Marines 


Air Ground Task Force environment. 


A. MARINE INTEGRATED FIRE AND AIR SUPPORT SYSTEM 


The Marine Integratei Fire and Air Support System 
(MIFASS) will be fielded during 1986. 


1. Deseripntion 


MIFASS is a tactical data system which will automat; 
selected functions currently performed by the Fire Support 
Center and the Fire Direction Center. It consists of proce- 
dures and equipment that will improve the command, control 
and coordination of the fire and aic support assets of the 
Marine Pe Ghouma Task. fos nce. The system will provid= 
commanders at all echelons with real-time display informa- 
tion. MIFASS will establish the Firs and Aiz Support Center 
(FASC) which will assume selected air control functions anid 
control selected functions of artillery support. Real-*ime 
Gigital display and information processing will provide 
Peer dL yeu dL t positions, target locations and process 
requests for supporting arms. Cou = son r ana Colocasia Lon Of 
ale fire and air Sttpport will be sxeccised through the FASC. 
Amecrarmewroutes, potential conflicts between fire weapons 
Sbewrasmenar= Flights “will be automatically detected at the 
FASC via MIFASS. MIFASS will improv= the overall employmenc 
Orecieopmat= SYDDOrt and troop movemant. It will ultimetely 
operate with other Marine Corps automated command ani 
control systems and will b2 compatible with Navy command end 


control agencies. 
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Each MEY ASS cena: will operate independently. 
Display units will 2xchange selected Si Mes Omen aoe 10) De 
Communication control and communication security will 


Support the digital communication capability. 
2. Hardware 


MIFASS consists of suites of modular microprocessing 
and display equipment tailored t> the level and type of 
command it supports. The system is transportable by all 
tactical means, Will operate ina Marine Corps shelter, 
aboard ships and in tactical vehicles. All equipment is 
two-man portable. MIFASS equipment will perform control and 
coordination functions at all echelons. DPeBconsists Of). 7> 
dynamic situation display which represents graphic map 
symbology, air coordination areas and target ar2as; communi- 
cation control panel for communication with various radio 
nets; hand-held input/output devices which will send and 
receive messages from other MIFASS centers; printers which 
Will print hard-copy records of all messages into and out of 
the MIFASS center; computers which will drive all other 
equipment; auxillary mass memory; and digital and voices 
communication equipment. Table (XXVI) lists the major hard- 


ware components of the systen. 
3. software 


Table (XXVII) lists the programs the comprise th2 
MIFASS. 

Table (XXVIII) lists the systems and equipment, 
software generation and software packages required to 
Sup pote SUIFAsSS. 
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COMPONENT 
DyenaGic Situation 
Display 
Printer 
Comm Control Panel 
Computer 
Pire Direction 
Calculator 


Mass Memory ; 
Mass Storage Device 


DM 
alecte eal Box ; 
aL(o ale Comm Equipm 
helt 


ile 


NAME 


cy oe Seee rograns 
qital aie 
och oncns 
Fire Direction/ 
Se ae Calculator, 
Comm Panel, Mass 
Memory 


So Days OUL PH ENT 


Sstusacor | 
Data Reduction 
Computer 

PROM Burner 
Microprocessor 
Microvrocessor 


Simulation Package 


£Oes = 20 
DAmes=14 
PLZ 

MDS 


TABLE XAVL 
MIFASS Hardware 


QUANTITY CPU 


—_ 
oO 


=NIN 


wah IX) ad =k 
WroemUIEeW OUI~nAj~J 


ent 


TABLE XXVII 
MIPASS Software 


DESCRIPTION CORE 
26 Prograns 132K 
TBD 
TBD 


TABLE XXVIII 
MIFASS Support 


DE SCR EETLON CORE 


Syst2n2 Softwares 
Operating Syste 
Executive Systen 
Compiler 

Micro Development Systen 
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8085 
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Z8 000 
EVES lNcCee> 
AN 7.Ber hs IG 
DEC 2060 


AN/SAYK-14 
INTEL 8985 








4. Data Links 


MIPFASS will be capable of using existing communica- 
tion systems. Each MIFASS center will interface with the 
digital communication systen. This capability will provide 
for all data conversions, addressing, error handling and 
communication protocol actions. Table (XXIX) lists the data 
link requirements of the systen. 


TABLE XxIXx 
MIFASS Data Links 


INTERFACING SYSTEM OPERATIONAL LINK STMULATION LINK 
FASC ULMS UGS 
PLRS ULMS ULMAS 
ASRT MDT MDT 
tacC TADIL=-8 TADIL-B 
TAOC-85 TADIL~-B TADIL-8 
External ULMS OLMS 


B. IMPROVED HOMING-ALL-THE-WAY KILLER (IHAWK) 


IRAWK is a fielded joint service system. MGESSA's 
involvement is to monitor evolutionary changes to ensure 


that future Marine Corps requirements are met. 


1. Description 


The HAWK is a mobile, surface-to-air, guided aissils 
system designed +o defend against low-flying enemy aircraft. 
The systen includes the Mies =2On and Coordination 
Central, *he Improved Platoon Command Post and miscellaneous 


radar and radio equipment. 


39 





2. software 


Table (XXX) 
£o support THAWK. 


STEM/EQUIPMENT 


L-1 Simulator 


STORE 
eng Support 
a Reduction 


The LHAWK 


lists the test 


TABLE XXX 
IHAWK Suppo 


DESC oer. LO nh 


simulator Pro 
Test Sc2nar 
J 2S Jiaeals 

Simulator 


9 Programs 


interfaces 


system/fequipment required 


ct 
COFE CPU 
ran 
i 86K AN/UYK-7 
NOVA ITI 
38K c>-808 
CP-808 
2UUK AN /UY K-20 
SOK PDP-11 
with the Tactical Nita 


Operations Center and other IHAWK units both operational and 


during simulation via the ATDL-1 tactical data link. 
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VI. DATA LINK SIMULATION 

[itestne stinrst SeE€CEISn Of this chapter the existing 
tactical data system Simulation technigues currently being 
utilized are described. The second section describes a 
general purpose alternative software package which could 
accomodate the previously described requirements. Finally, 
several conclusions will be drawn on the specifications of a 
tactical data system simulation facility followed by an 
enumeration of data link simulation facility requirements. 

"Simulation is the process of dasigning a model fora 
real system and conducting experiments with this model for 
the purpose of either understanding the behavior of th 
system or of evaluating various strategies (within tha 
1img2ts imposed by a critarion or set sf criteria) for th 
operation of the system." ° Ref. 2] 


A. EXISTING SIMULATION PACKAGES 


Data link simulation is used at MCTSSA to test new and 
improved tactical systems. There are two systems currently 
being used for data link simulation: the, S2mutasor, 
Trainer, Command and Control (SIMTRACC) and the Test Support 
Progpeme (TSP). SIMTRACC is an integrated hardware/softwars 
system which runs on a Data General Nova II computer. ESS 
is a software package which runs on an AN/UYK-7 computer. 
SIMTRACC can Simulate various combinations of TADIL-A/B/C, 
ATDL-~-1 and NADGE Link-1 data links. TSP can Simulate 
TADIL-A/B and computer to computer data links. SIMIRACC has 
data extraction, Seance. 2on and analysis capabilities. 
MATADOR IV, a separate software package, is used to reducs 


data from a TSP simulation. 
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1. Simulator, Trainer, Command and Control 


The SIMTRACC system is used t9 simulate the outside 
world for various tactical systems. SIMTRACC supports simu- 
faeeon, testing, training and command and control functional 
areas. It can Simulate the data links of any agency that 
meets specific protocols. SIMTRACC's primary use is data 
link simulation to support testing tactical data systems. A 
secondary use is to train TAOC operators. Data extraction 
and reduction can be performed on-line. I+ can handle up to 
180 targets or air tracks with the capacity limited by the 
combination of type and number of links being simulated. 

The SIMTRACC hardware consists of a Data General 
Nova II, a teletypewriter, keyboard, printer/plotter, disk 
unit, CRI controller, CRI, modéms, bus repeater, cursor 
control pad and sultiplerxor. Approximately 15 programs 
comprise the system. 

SIMTRACC processes the contents of a script file 
which consists of a time-tagged sequence of keyboard inputs. 
When the script +ime matches the tine tag for the currently 
processed file, then the file inputs ar2 injected into +he 
data link system in the same format as keyboard real-time 
aps S. The scripting system consists of fil¢ creation, 
bce Ieem LOrTMacSs, Execution contrdl abd error processing. 
SIMTRACC performs data analysis to ietermine proper message 
structure, correct value ranges, correct transmission and 
accurate reporting responsibility. SIMTRACC is highly 


interactive and requires a well-trained operator. 


oe esting Suovport Program 


Po ciao es ee ee ee 


The TSP is made up of thr2¢ programs: TSP 2eselst 


SEIUP and PRESTORE. TSP is real-time interactive simula- 


(D 
{4 


a 
tion sys WSedeeer ) testang of aqigital data exthange of 


a 
tactical data systems. TSP is capable of simulating thoss 





porticns of the tactical system that control the exchange of 
digital messages between individual systems and the progran 
whose performance is being evaluated. This means of selec- 
tive alteration constitutes the evant capabiltiy of the 
system. The user can structure a dynamic exercise of any or 
all the data link functions. The naximum number of *+racks 
allowed by «he TSP software is 405. This capacity also is 
dependent upon the number of required data links. 

The TSP runs ona stand-alone AN/SUYK-7 computer. 
The hardware that comprises the system is an alphanumeric 
display unit, magnetic tape unit, high speed printers, paper 
tape unit, Univac CP-808 zsomputer, card reader, disk unit 
and a PDP-11/70 computer. The SETUP and PRESTORE programs 
run on the CP-808 and PRESTORE also utilizes the PDP-11/70. 

Data generated by an operator via the interactive 
display unit or data entered via card input contains TSP 
test data. An operator must go through a series of steps to 
set up and initialize the system equipment. The progran 
prompts the operator for any additional required t¢es* data. 
There are 23 prescripted formatted events. Some messages 
are automatically built by the systen. The test data 
contains system configuration data, action and background 
«zack data and prescripted events. Information such as 
latitudes and longitudes 9f system participants and simu- 
lated system actions that will be executed nust be provided 
by the operator. The Operator controls the simulation 
Status and data associated with the simulation system and 
i <S 


3. Integrated Sinulatio 


Figure 6.1 lists the minimun simulation capabilities 
that must be included in an integrated simulation facility 
an M@MSSAin the FY-84/85 timeframes. 





a. Simulate TADIL-A, TADIL-B, TADIL-C, ATDL-1, 
NADGE Link-1, ULMS and MTACCS messages. 


Be ocsaulazte up to 10 Soncurrent TADIL-8 links. 

ce Simulate at least 500 tracks. 

d. Simulate up to 13 concurrent links. 

e. Simulate? air and surface traztk processing. 

£. <Accomodate2 Scripting for TADIL-A, TADIL-B, 
TADIL-C, ATDL-1, NADGE Link-1, ULMS and 

MDT links. 

ge Accomodate 24 participating units on TADIL<-A. 

h. Accomodate simulated moving participating units. 


Me eluate data extraction and reduction for. 
ite an $ Rane’ PADIE-C, ALTDL-1, NADGe Link=i, 
a S @ 


eo cat cutee <onee ame <0 ee ee ee ED Oe Cee MB ee i A Se oe a Se ee ee oe 


= = 


OLMS and MDT lin 
j- Simulate forwarding units on TADIL<-A and 
TA DOL -B. 
Figure 6.1 Integrated Simulation Facility Specifications. 


4. Conclusions 


The most desirable alternative to Marine Corps sinu- 
lation requirements is an integrated simulation system based 
on distributed processing concepts and state-of-the-art 
Mini and micro computers. SLMERACC sand TSP cannot ba 
utilized in an integrated environment because they suppors 
only unique, disjointed t2s* requirements. SHMER ACC will 
not accomodate future track capacity requirements and the 
agencies that can be simulated by TSP are limited. Tse 
cannot support anv data collection for data analysis becauss 
Cee lGcmino Delo cy TO CXtract of reduce data during testing. 
TSD and SIMTRACC do not accomodate the data link testing 


Growth expected at MCTSSA. 





Be. A SIMULATION ALTERNATIVE 


Simulation models consist of continuous change models 
and discrete change models. Continuous models incorporates 
fixed increments of time advances and are interested ina 
continuous flow of infornation. Items are considered in 
aggregate rather than individual. Discrete models ar? 
interested in individual items ina system and utilize «he 
next event type of timekeeping. Tactical data systems ars 
primarily discrete chanjy2 models. Simulation software 
assists in the performanc2 of tasks performed during +¢he 
evaluation and testing of communication, command and control 
systems. 

Simulation Language for Alternative Modeling (SLAM) II 
1s a software package which exemplifies the state-of-the-art 
in Simulation. SLAM II permits discrete event, continuous 
and network modeling perspactives and any combination of th? 
three. SLAM II can perform as a discrete chang? system that 
can be modeled from the point of view of events and/or 
processes. The process-oriented part of SLAM employs 2 
network structure comprised of node and branch symbols. Tha 
modeling task consists of incorporating these symbels into 2 
network model which represants the system pictorially. Ths 
modeler defines the events of the system and the potential 
changes that may arise in the systen. SLAM If provides 2 
set of standard subprograms that provide for scheduling, 
GanipWiat:ng files, collecting statistics, and generating 
random samples. The modeler provides FORTRAN coutines that 
Gescribe the mathematical and logistical relationships of 
the changes that each vant will produce. Sos L Csrmlcs 
entities in the network nodel +5 initiate cccurrence of 
discrete events, events to alter the flow of entities in +h 
network model, entities in the network model <*0 caus?3 


instantaneous Changes to values of the state variables, whan 


in 
Or 





state variables reach threshold values they can initiate 
entities in the network nodel, events can cause instanta- 
neous changes in the values of state variables and when 
state variables reach prescribed threshold values they can 
initiate events. The process-oriented (network) model 
consists of drawing possible paths (including delays) that 
an entity encounters from its arrival time to its departure 
time as in tactical data information flow. 

The continuous mod2l is coded by specifying differencs 
equations which describe the dynamic behavior of the stats 
variables. The modeler codes these equations in FORTRAN 
utilizing SLAM-defined storage arrays. The executive 
program controls the simulation by aivancing «ime and initi- 
ating calls to the event subroutines. SLAM IIT is written in 
FORTRAN-66 and is upward compatible with FORTRAN-77. 
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VII. SIMULATION/TEST FACILITY SPECIFICATIONS 


"Minicomputers and microcomputers rarely have the sofit- 
ware and peripherals for coOnvenient use. Programming small 
computers is tedious and time-consuming. The small computer 
that goes into the final product is generally not suitable 
for use in the developmental stags. Programs for large 
computers are developed on the same system on which they are 
us2?d. Small computers, however, that are part of an instru- 
ment or machine tool will only have enough memory, 
peripherals and software to perforn their function. The 
computer that qoes into the system can handle system func- 
tions - not system development". (Raf. 3] 


A. DESCRIPTION 
1. Background 


Currently, MCTSSA has two PODP=11//70's, three 
PDP-11/60's and one PDP-11/40. The PDP-11/70's are 
utlLlized for program development, compilation and testing. 
The operational fielded systems that are developed, main- 
tained and tested in-house are the TACC, the TDCC, the DASC 


and the IHAWK systen. The software comprises approximately 
1290 programs and 220,000, lines of soide. The PDP-11/60's 
are utilized for graphics output and termin 


217 inpu=. and 
n 


+ 


Ot= pur. The PDP-11/40 is utilized as a f 


fO= Aeaeaceoy output. 


if 


Ones 


fs 
ro 
| 
O 
CO 
(D 
tn 
P) 
O 
rf 


at) 


The investment in software, programmer training and 


Operational support with the current hardware configuration 


is enormous. The existing software comorises 2zpproxinatealy 
1800K words of memory. mutes pdiod it cation, upaqrade or 
replacement nust be escononically feasible, Compa i ble-aad 


Belatwvely transvarent. 
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2. General Characteristics 


One Somueron <2 the simulation/test hacalrey 
requirements described in previous chapters is the time- 
phased replacement of two PDP-11 developmental host 
computers with two VAX-11/780 comouters. FORTRAN-77 is 
recommended as the high order programming language to bes 
utilized for software dsvelopment until ADA is entirely 
available and supvorted. The SIMIRACC devices should be 
reduced from five to two and SLAM II should be considered as 
an alternative general purpose simulation package. Figur2 


7.1 lists future capabilities that will be available. 








a a ——<—— — ©  " +4 
| | 
| ! 
{ a. Combination of 10 TADIL-B, ATDL-1 or NADGE | 
| DENK eee kK Se : 
| b. One TADIL“A and one TADIL-c link. | 
| GaeS 00 sarz=eand surface tracks. 
| | 
d. Message forwarding. | 
| e. Moving participating units. : 
| f. Message handling for JINTACCS Intelligence | 
| and air operatisns. | 
i Gamcocoiptang for APDL=1, NADGE Link-1, TADIL-A, i 
| ana TADLL-C. , 

Pee eour ULNS andeMDI Links. | 
| i. MTACCS message handling. | 
%- WJENTACCS message handling for. fire support, | 
| operations control and amphibious cperations. | 
| Meee CL Ot 1 NGOs MUMS angen T. | 
ae oe tstpeae ee J 


| 
| 
| 
| 
| 
| 


Figure 7.1 Simulation/Test Facility Capabilities. 
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are aceumuldqe ton Sf these “capabilities wiil satisfy 
all presently known test requirements for the IDCC, fTACC, 
FROC—65 and MIPFASS. Additional capabilities can be imple- 
mented ina modular fashion without modifying the basic 
system configuration. 


3. Software 


The only feasible DoD-approved high order progran- 
Ming languages are CMS-2, ADA and FORTRAN. CMS-2 is 
imlemented on military computers (CP-808, AN/UYK-7 and 
AN/UYK-20). The CMS-2 compiler ais) operates on the PDP-11 
and VAX-11/780. Since the proposed simulation facility will 
be hosted on a commerical computer, ADA and FORTRAN seem to 
be the most feasible software approaches. ADA is scheduled 
to replace CMS-2 as the Department of the Navy standard 
programming language for embedded computer systems during 
198 3-4, ADA compilers are available for military and 
commerical computers and will be available for minicomputer 
and micrccomputer systems during this year. ADA iS jaan 
maiG., 4a Secong contender £5 FORTRAN-/77. 


GQ. Hardware 


Table (XXXI) lists the minimum requirements which 


will accomodate the test facility requirements. 


TABLE XXXII 
Hardwar2 Requirements 


JE thea e| MINIMUM REQUIREMENT 
Direct Memory Access Bandwidth 2 megabits 
Direct Addressable Memory 256 Kilobytes 
minimum Memory 1 megabyte 
Opetdting ecce ; Ble fa SE ee 
High Ordér Programming Language ADA/SFORTRAN-77 
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The VAX 11/780 is one of the few state-of-the-art 
computers with the minimum direct nemory acc2ss bandwidth 
requirement capabilities. The VAX-11/780 is considered the 
most efficient "number cruncher" within its category of 
computers. 


Be VAX-11/780 
1. Description 


The VAX-11/780 is a high-performance, multiptogran- 
ming computer systen. The processor has a 32-bit 
architecture based on the PDP-11 family of 16-bit computers. 
While using addressing noi2s and stack structures similar ‘to 
those of the PDP-11, tMemevas-11/750 Spsovides 32-bit 
addressing and 32-bit arithmetic. The instruction set and 
hardware implement high-lavel language constructs and oper- 
ating system functions. The VAX-11/780 is a multi-user 
systen for both development and application system execu- 
eae ere iz is highly reliable and contains built-in hardware 
and software protection mechanisms t9 ensure data integrity 
and system availability. The computer provides on-line 
d2agbhoszics, Seamer  d2t2cting, verification of systen 
integrity and automatic recovery features. I+ is both flex- 
ible and extendible and provides applications the capability 
to provid= their own command interfaces to users. 

The VAXK-11/780 is an extension of the PDP-11 family 
erehitecturs. It execut?s non-privileged PDP-11 instruc- 
h2onsSes hn 1cs Compatability moda, utilizes PDP-11 data types 
and ins <muctions and supports compatabilitv languages and 


fils and record formats. 
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2. Hardware Component 


Wh 


The major components of the VAX-11/780 are the 


processor, peripherals, operating system, languages and 
network services. Table (XXXII) lists the major capabili- 


ties of the hardware components. 


TABLE XXXII 
VAX~11/780 Hardware Capabilities 


COMPONENT DESCRIPTION 
Processor CPU, Synchronous, bus, microcomputer 
console 2 megabits memory, 2 


per i phetal buses 


Peripherals Small and large capacity disk drives, 
magnetic tpaes, hard copy and video 
terminals, printers, card read2rs 


JG ee ae Virtual mamory manajg2r, system 

ysten services, command languag¢, operator 
EOors 

Languages VAX-11 MACRO, PDP-11 BA ST¢ PLUS-2, 
Porat concen (4. CNS—2, nkers, 
editors, librarians, debuggers 

Network DECNet net work software, 

Services interprocassor commun: tca+ion link 


3. Comvatibilit 


=e eae a Se eee Ee ES ee 


When the VAX computer was designed, the need to 
establish a high level of compatibility with the large, 
well-established PDP-11 computer family was identified. 
"VAX represents the natural growth direction for many 
installations using 2DP-11 machines and programs: =o ¢ase 
Sree ©) JUuLeCKEen pedgramwy =eransition, and *o protec 
prior customer investment, it was important that VAXKas 


displayed qood compatibility features (Ref. 4]." 
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The PDP-11 and VAX-11/780 systems have almost iden- 
Pocal TORTRAN, BASIC, COBOL, ADA, andi CMS=2 languages. The 
VAX-11/780 can execute a subset of th2 PDP-11 16-bit 
instructions in the compatability moie, the operating system 
provides functionally eguivalent system services as the 
PDP-11 RSX operating systen, the development package allows 
PDP-11 operating system system generation facilities, the 
record management services are upward compatible with PDP-11 
resources and DECNet/VAX package supports the PDP-11 system 
image "“down-line" loading. The features make thea VAX-11/780 
an ideal host system to PDP-11 systems ina distributed 
processing environment by reducing the requirement for 
programmer/operator retraining. Figure 7.2 depietse a 


typical resource sharing snvironment. 


“22 ae «=> 2 aD am«a@p «2 <. «4» «s 
@eee¢eeu2eoe%#8e#8@ *eee?e#e#eeee?e?s# 


=a 22 ae ae ae ee eee Se ee nap aa 4 a a a a oD am @ «© « = 2 & @& & =e 
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Figure 7.2 VAX-11/780 Distributed Systen. 
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C. CONCLUSIONS 
1. Concepts 


This paper describes the major resources utilized at 


ct 


h 
to test and develop tactical data systems. The existing 
h 
O 


(D 


Marine Corps Tactical Systems Sapvort Activity (MCTSSA) 


ardware mixture will not support the increased requirements 
fF MCTSSA and an integrated simulation/test facility shculd 
be established to accomodate its ever-increasing workload 


ard responsibilities. The issue of training analysts, 


iD 


programmers and technicians *9 maintain the conglomeration 
of necessary hardware and software components which support 
MCTSSA'sS requirements can in itself consume another indeper- 
dent research topic. MOTSSA's designation as the primary 
software support activity for tactical data systems requires 
that it be equipped with the hardware to support 4a 
Simulation/test facility. 


Ao (2S dreiaecte! 


The current and future denards for computer suvport 
far exceed AMCTSSA'S existing capacity. The automated data 
processing demands are characteriz:di by: hands-on use, 
interfaces with other equipment and the use of experimental 
software. Systems which do not représent state-of-the-art 
miecompace> technology would be sf little benefit. The 
unique vendor (Digital Equipment Corporation) Ga pant ls 2y 
allows for tremendous flexibility ani growth in the future. 

me VAK-11/780 eoMeuccre2> Sconszdered @ logical, 
economic/cost-effective upgrade which Wikis oSat. Sey She 
requirements because of both increasing program workload anéd 
data link simulation software testing. Tice V Rk 117750 
compatability mode allows users to run existing PDP-11 scft- 
Ware on it with no reprogramming and allows programs 


Compiled on the VAX £o run on existing PDP-11's. 





Determination of the specific hardwar2 components 
and software Spe2ons §to be acquired with the * wo 
VAX-11/780's to support MCTSSA'S mission 1S extensive and 


involved and should consume an independent research study. 








(De 


PPENDIX A 
A 


COMMUNICATIONS FOR MARINE CORPS TACTICAL SYSTEMS 

Tactical military communications are established for the 
primary purpose of enabling the military commander to exér- 
cise command and control of his assigned combat forces. 
Another purpose of the conmunications is to facilitate the 
transfer of information. As the distances involved increase 
the commander is more and more dependant on the flow of 
information. The fundadmental requirements for sffective 
tactical communications are reliability, security, speed of 
service and flexibility. The systems must be responsive, 
Survivable, economical and simple. [Ref. 5] 

The demands of differing tactical scenarics *end to 
justify a variety of types of communication equipment. 
Current Marine Corps communication equipment are of two 
types: Single-channel netted radios and nulti-channel 
Switched system. Hascor cally tactical doctrine has spesci- 
fied exact types of radio nets required to support tactical 
Situations. The first type either links a headquarters to 
its subordinate organizations for all purposes except opera- 
eral coordination. These nets are called command nets. 
They are hierarchical in nature and link a command both to 
higher authority and its subordinate units. The second type 
links operational personnel with thair counterparts a+ the 
are called tactical 
ade Mee chisd type 


Retioena l “Wet. fee 


next organizational level. These ast 
ets. Tact:cal nets are also hier 


a 
Hee wom net nierarchical and Ys callei 


tty 
Q ec. Qa 


links personnel involved in the same functions to all other 


orgenizations, for example a ldgistics net. 





Miemey H2gh tpequency ob mitra high £requency are used. 
Voice dominates the tactical and functional nets and +ele- 
typewriter dominates the command a153%*s. Radio nets ars 
Simple, survivabie, reasonably reliable, secure and respon- 
sive. They are not economical n0r is their capacity 
sufficient +o acconodats nany circumstances. 

Radic ‘transmissions produce the major drawback by 
allowing the enemy t2> pinpoint transmission locations. 
Telephone communications provide an alternative +o the 
Eaaio. The telephone systems ar2 more economical but 
extremely cumbersome *2 install and highly immobile. 
Telephone communication systems in the military environment 
have thus not achieved acceptance. The Marine Corps 
currently has automatic tactical switching equipment in its 
inventory. The most significant drawbacks to the current 
Marine Corps tactical telephone system are its lack of 
mobility and its lack of security. Th2 switching equipment 
BEOVede £5r digital voice communication. Electronacs within 
the Marine Corps extends to the entire svectrum of command 
and control systems. A goal of Marine Corps communication 
is to improve the functioning of command centers through the 
us? of automation via digital electronics. These centers 
are the command and control centers. The Marine Tactical 
Command and Control Systems will accomodate the above goals. 

Each command and control progr2n is considered as @¢4 
number of centers that exist at various locations with a 
requirenent £0 communicats with other centers at other loca- 
ePO rss The follecwing orinciples of these command and 
control systems are universal in nature and apply ‘+o all 
commend and contrel systems, be they associated with 
airlines, Saar SC MOnLASr ing, banks or military combat 
systems: computer power is cheaper than transmission nedia, 
@autO@ating 2 distributed system incrsases the amount of 


communication required, automated systems cconmunications 





requirements naturally consist of frequently sent, short 
messages, the characteristics of communications requirements 
precludes dial-up telephone sys*ems, lower capacity, full 
period circuits are not an effective solution, automated 
systems should be désigned to usa e2xisting communications 
and not develop their own and systems must be designed to 


degrade gracefully as the communications degrad:2. 
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Test and evaluation has played an important part in the 
Significant improvements made in D2fense systems acquisi- 
e2On. Prior to the 1970's emphasis was placed on the 
delivery of a complete system development and prcocurement. 
The theory was that a sufficiently well-defined requirement 
would result ina deliverable product ata predetermined 
estimated cost. Unfortunately this method was ineffective 
because of initial ill-defined creguirements, unverified 
inputs and large cost overruns. 

The key issue in developing new management policies in 
order ¢+o review acquisiticn prograns was measurements 
program progress as compared ¢o program goals and objec- 
tives, and the ability to make a decision whether to 
continue, reorient or cancel the subject progqran. Test and 


evaluation is a means for making such measurements. 


+ and evaluation conducted in 
the systems acquisition pro 
Evaluation (DT&&5) and Ip 
(OPCs) . DTE6E is that t2st 


kpc of the develo 


ess; Developmental Test and 
rational Test and Evaluation 
ing condu@=ed by or under the 


ent agency who will evaluate the 
0+0 


Co OU 


echnical performance of type 2quipmenc. Rie: 22520 ng 
is generally conducted by skilled t2chnicians and enginestrs 


item ecadcetuliy controlled condzeions. OTE&E is tha 


iD 
ct 
1a ie 
iD 
m rt 
iD 
'Q 
4 
MD 
(D 
ct 


conducted by military personnal to determin 
which new equipment fulfills military operatisonal require- 
ments. The “O@TGE is corductsd under conditions that 


duplicate as closely as possible th2® environment expected in 
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field operaticns. FUrche Tr, OTSE is conducted on early 
production models as wall as on research and development 
prototypes of new equipment. 

DT&E serves two important functions in the system acqui- 
sition process. First, it assists in the actual design and 
development of systen. In this role DT&E is an integral 
part of the normal development process in which initial 
designs are converted to hardware. The hardware is tested, 
deficiencies noted and the design is nodified as necessary. 
This process is repeated until the system hardware reaches a 
final design configuration. This initial feedback system 
provides essential information required to proceed from the 
"paper" design into fully developed hardware. Secondly, 
DTSE provides important information on the progress of new 
system development. The progress is ascertained by 
comparing measured system performance with a set of goals 
and objectives which have been established for the pregran. 
The measurement of the maturing system involves such charac- 
@Meristics as Feliability, weight, etc. Tndividuals 
sufficiently familiar with the maturing process can det2r- 
Mine what performance isvels should be attained by ths 
system at various stages of ilevelopmant. Development tests 
then can be performed at frequent pdints in the program and 


provide a decision maker with information on the rate of 


th 


growth of the system. Pinally, a prediction of final systen 
performance can be provided by comparing performance level 
progress with similar systems. 

OT&SE, like DT&E, also provides assential feedback infor- 
nation +o the decision makers by comparing System 
operational performance with progqraa gcals and objectivas. 
Since OT&S2 that is conducted before system production 
involves «he testing of prototypes, to predict final svsten 
cperational performance, test results must be extrapolated. 


The degree of extrapolation will depend primarily cn the 
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Pealish of the simulated =COcreeeo iy. LONMen«. OTSE 


in 


f4- 


concerned with evaluating purely operational as opposed to 
technical factors in the system and gives mors ¢mphasis +o 
predicting future performance rather than evaluating current 
per formance. The combination of OTSE and DTSE provides the 


most effective means to pradict mature performance [Ref. 6]. 


Roles. 
The primary role of the Test and Evaiuation (TSE) 
pue@ess iS to provide information during the acquisitioer 


process related to the following two questions: 
1. What is the current program status? 


2. What is the likely outcome of the progran? 

This is exactly the “kind oF information the TS&E 
provides. It 1S apparent that TSE is quite important not 
epay fom= major production decisions but for most other deci- 
sions made during the life of an acguisition program. For 
major defense program TSE impacts on the acquisition process 
primarily ‘through the operation of the Defense Systems 
AGqU2SiezOns Review Council (DSARC); MSARC for *he Marine 
Gonns. When a program reaches 2 major milestone the 


DSARC/MSARC meets *o consider if the program should be 


}?- 


advanced to its next phase. Th 


(D 


MSARC plays an important 
role in the test and evaluation process. Independence and 
objectivity are quite important ‘+5 the T&E assessments. 
Since most DT&E is an integral part of the svstems design 


and development process, fe lS Buant ly cemeucteds cormeent- 


" 


rolled by the developing agency. ince developing acercies 


(D 
(D 


E-“ndaaeomoomsuccess orientsd, th Peccesuoe Sich DOten zal 
d 


biases must be reduced by providin indevendéent assessment 


$Y 


and reporting of testing. 
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OT&E provides an estimate of how th2 system will perforn 
in the cperational environment. Short of actual warfare, 
operational testing is th2 ultimat> measure of an acquisi- 
tion program's output andas such will normally receive 
considerable emphasis when decisions are +o be reached. 
Effective operational testing requir2s as much test realism 
as possible consistent with resourc2] constraints and hard- 
ware status. This méans the use of representative models of 
production systems, the participatisa of «typical operational 
personnel in testing, and accurate Simulation of both the 
threat and physical environment. Several others factors 
must be considered in providing for effective operaticnal 
este UniGic Operational test designs must allow for the exer- 
cise of systems over a reasonable range of operational 
COongiclOns . Conclusions on the ovarall effectiveness of a 
system cannot be based on a single set of conditions thax 
May represent only a small percentage of likely tactical 
Situations. The scope of testing must allow for all signi- 
Fficant interaction between the systen being tested and other 
systems with which it must function in the operational envi- 
ronment. Pomauly , See ls aipoGeenc chat objective 
measurements of a system's performance in Simulated operza- 
tional employment be made without compromise t9 realisn. 

Certainly the most important aspect of the 2ffective 
utilization of TSE in the acquisition process i 
lishment of meaningful program goals and obje 


Tteainaze 


eV 


ct 


Ss 
e 
t is *o be measured by test. The ta 
Po omeOeena toma!  fLOrcSsS provide infotmation 9 
capabilities needed to meat particular operation 
ments. The test community must provide inpu 
Feasibility and test facility requirements. Bae 


may be needed for the following reasons: 


v2 


ee In considering systems concepts during the early 
Stages of a program, we need to know if these concepts are 


eeenmmacally viable or tactically sourd. 


2. To have any impact on the research and development 


phase cf a program, OT&E should be conducted much earlier 


than just before major production decisions. 


oe Cost and schedul2 impact can be minimized by early 


detection and correction of operational deficiencies. 


4. fieeetat won of Vimited produstion before the major 
production decision has resulted in significant commitments 


of procurement funds prior to the najor production decision. 


T&6E can provide an adequat2 transfer of "lessens 
learned". Often a deficiency discovered during T&E is 
nearly identical to that discoverzd on past or present 
programs. T&E can play a significant role in the recurrence 
of previous deficiencies. TSE has become a firmly estab- 
lished integral part of the systens acquisition process. 
The ultimate payoff cf +h2 TSE process iS maximum military 
capability for the fewest dollars possible. 


'o 


olicy. 

The testing part of (TSE) denotes the actual testirg of 
hardware/software via models, prototypes, production equip- 
ment, computer programs ¢9 obtain data which is valuable in 
developing new capabilities or making decisions. Evaluation 
denotes the process whereby data are assembied anda analyzed 
+o aid in making systematic decisions. TSE involves the 
deliberate generaticn of data concerning «he oaature cf ar 
emerging system and the creation s& informaton useful +o 
technical and managerial personnel who control development. 
It is the physical testing, experimentation and aralyses 
performed during the course of development and the introduc- 


+ 3 


O 


n ard emoloyment of 2 n2w system. 
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TSE is an integral part of all phases of the development 


of systems. Testing provides information for a number of 
pur poses: information for develooment, information for 
milestone decisions, and information for effective opera- 


txomel utilization. 

Test and evaluation shall begin as early as possible and 
be conducted throughout the systen acquisition process. 
DT&EE is conducted +o assist the engineering design and 
development process and to verify attainment of technical 
performance specifications. I+ includes hardware2/softwarsa 
integration, related software, and prototype or full-scale 
engineering development models of the systen. DT&E will be 
accomplished before Milestone? I td assist in the selection 
of alternative system concepts. Before Milestone II DT&E 
will identify the preferred technical approach, to include 
technical risks and feasible solutions. Before Milestone 
III adequate DTSE will ensurs that engineering is reasonably 
complet]? and that all significant d2sign problems have been 
sadenmeltzed and their solutions imm@nent. After Mil¢stone 
TII OT&E will be an integral part of the development, accep- 
+ance and introduction of system changes to improve the 
systen. 

OTEE is conducted +5 estimat2 a system's operational 
effectiveness and operational suitability, identify needed 
fedesteeemons, and provid= inftormatisn on tactics, doctrine, 
organization and personnal requirements. ies LO TSE aust 
Depadececomeurched prior t9O the Milestone IIY decision. One 
major field agency shali be responsible for managing opera- 


So opceecise2 Sg and fOr fFepestzng test results and its 


independent evaluation of the systen. OTEE shall be accon- 
DNlished inan environment as operationally realistic as 
possible. Typical operational and support personnel will be 
Wesduircemodca™n da Valid estimate of the user's capability te 
operate and maintain the system when depicyed. Die 2 aa 
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Syvsoue nt eequszsition before the Milestone I decision OTSE will 
assess the operational impact of possible technical 
apprceaches and assist in selecting alternative systen 
concepts. Before Milestone II OTSE will be accomplished to 
examine the operational aspects of selected alternatives and 
estimate the potential operational effectiveness and suit- 
ability of each. Befor? Milestone III is completed OTSE 
will ensure that items tested are sufficiently representa- 
tive of the expected production items and that a valid 
assessment can be made of the system expected to he 
produced. After the Milestone III decision during initial 
production and deployment of the system OT&E will ensure 
that initial production items meet sperational 2ffectiveness 
in order to meet performance goals. 

Developmental and operational tests may be combined when 
clearly identified and significant cost and time benefits 
will result. A continuing goal must be early detection of 
major system deficiencies if such deficiencies 2xist. Early 
detection and correction of deficiencies via TSE can result 
in more operating force? canvability and less likelinoced of 


costly programs. [Ref. 7] 
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ADA 


ASRT 


BASIC 


Baud 


Gus = 2 


COBOL 


COMM 


COMSEC 


CE 


Gar 


GZ 


DoD 


PASC 


cur 


Navy standard high order programming language 

Air Support Radar fean 

A high order programming language 

Bits per second 

UNIVAC-written Navy standard programming language 
Common Business Oriented Language 

Communicatior 

Communications Security 

Command Post 

Cathode Ray Tube 

Command and Control 

Communications, Command and Control 

bigeco Az> Sit pport 

Derect ALT Support Canter 

Data Communications Processor 

Degital Communication Terminal 

Digital Equipment Corporation Network 

Department of Defense 

Fire and Ais Support Center 


Fleet Marine Forcs2 
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PORTRAN Formula Translation 

SIC Fire Support Center 

Foc C Fire Support Coordination Ceiter 

ITHAWK Improved Homing-All-the-Way Killer 

I/0 Input/foutput 

IOc Initial Operational Capability 

JINTACCS Joint Intelligensa Tactical Command ard Control 
Bercs Landing Force? Integrated Conmunication System 
MAGTF Marine Air Ground Task Force 

MASS Marine Air Support Squadron 

MATADOR Marine Tactical Data OFF-lins Reduction Progran 
MATCALS Marine Air Traffic Control and Landing Systems 
MAW Marine Aircraft Wing 

METSSA “8atine Corps Tactical Systems Support Activity 
MTACCS Marine Tactical Command and Tontrol Systems 
NADGE NATO Air Defense Ground Environment 

NATO Nemacna Atlantic [reaty IJrganization 

SIMTRACC Simulator, Trainer, Command and Control 

LASE Meet cal Air Command Centzal 

RACE Gremtiace cal Fire Direction Systen 

TADIL Tactical Digital Information Link 

TAOC Tactical Aizr Operations Central 


TDC C Tactical Data Communications Central 


ae 





Mei-fae Tri-Services Tactical Communication System 
TSP Test Support Progran 


UiaS Unit Level Message Switch 
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